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Abstract
This document summarizes the discussion and findings of the 4th workshop held on October 27–28, 2015 in
Frankfort, Kentucky as part of the Technology Transfer Intelligent Compaction Consortium (TTICC)
Transportation Pooled Fund (TPF-5(233)) study. The TTICC project is led by the Iowa Department of
Transportation (DOT) and partnered by the following state DOTs: California, Georgia, Iowa, Kentucky,
Missouri, Ohio, Pennsylvania, Virginia, and Wisconsin. The workshop was hosted by the Kentucky
Transportation Cabinet and was organized by the Center for Earthworks Engineering Research (CEER) at
Iowa State University of Science and Technology. The objective of the workshop was to generate a focused
discussion to identify the research, education, and implementation goals necessary for advancing intelligent
compaction for earthworks and asphalt. The workshop consisted of a review of the TTICC goals, state DOT
briefings on intelligent compaction implementation activities in their state, voting and brainstorming sessions
on intelligent compaction road map research and implementation needs, and identification of action items for
TTICC, industry, and Federal Highway Administration (FHWA) on each of the road map elements to help
accelerate implementation of the technology. Twenty-three attendees representing the state DOTs
participating in this pooled fund study, the FHWA, Iowa State University, University of Kentucky, and
industry participated in this workshop.
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Preface
This document summarizes the discussion and findings of the 4th workshop held October 27–28, 2015 
in Frankfort, Kentucky, as part of the Technology Transfer Intelligent Compaction Consortium (TTICC) 
Transportation Pooled Fund (TPF–5(233)) study. The TTICC project is led by the Iowa Department of 
Transportation (DOT) and partnered by the following state DOTs: California, Georgia, Iowa, Kentucky, 
Missouri, Ohio, Pennsylvania, Virginia, and Wisconsin. The workshop was hosted by the Kentucky 
Transportation Cabinet and was organized by the Center for Earthworks Engineering Research at Iowa 
State University of Science and Technology. 
The objective of the workshop was to generate a focused discussion to identify the research, education, 
and implementation goals necessary for advancing intelligent compaction for earthworks and asphalt. 
The workshop consisted of a review of the TTICC goals, state DOT briefings on intelligent compaction 
implementation activities in their state, voting and brainstorming sessions on intelligent compaction 
road map research and implementation needs, and identification of action items for the TTICC, the Fed-
eral Highway Administration (FHWA), and industry on each of the road map elements to help accelerate 
implementation of the technology. Twenty-three attendees representing the state DOTs participating in 
this pooled fund study, the FHWA, Iowa State University, University of Kentucky, and industry partici-
pated in this workshop.
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Executive Summary
On October 27–28, 2015, the Kentucky Transportation Cabinet (KYTC) hosted the 4th workshop for 
the Technology Transfer for Intelligent Compaction Consortium (TTICC), a Transportation Pooled Fund 
(TPF–5(233)) initiative designed to identify, support, facilitate, and fund intelligent compaction (IC) 
research and technology transfer initiatives. The following were the key objectives of the workshop:
• Review and exchange experiences of state DOTs in implementing IC for earthwork and Hot Mix 
Asphalt (HMA)
• Review the existing IC specifications
• Facilitate a collaborative exchange of information between state DOTs, the Federal Highway 
Administration (FHWA), and industry to accelerate effective implementation of IC technologies
• Update the IC roadmap for identifying key research/implementation/education needs, and action 
items for the TTICC group, the FHWA, and industry
The workshop’s attendees—representing seven state DOTs, the FHWA, Plantmix Asphalt Industry of 
Kentucky, and Iowa State University—reviewed the current IC specifications, discussed recent IC pilot 
specifications implemented by state DOTs or demonstration projects conducted by state DOTs, discussed 
the challenges being experienced by the DOT personnel during implementation and potential solutions, 
and voted and brainstormed IC research, implementation, and educational needs.
A key outcome of the workshop was the evaluation and update of the IC Road Map, a prioritized list 
of IC technology research/implementation needs initially created in a 2008 IC workshop meeting and 
updated in the previous workshops. The top three IC research/implementation needs are now (1) data 
management and analysis, (2) sustainability and return of investmen, and (3) correlations between IC 
and in situ test measurements. The revised IC road map is presented in Table 1. After updating the IC 
roadmap, the group identified action items for the TTICC group, the FHWA, and industry for advancing 
the top three road map elements.
This forum served to facilitate information exchange and collaboration and developing a list of action 
items to advance and accelerate implementation of IC technology into earthwork and asphalt construc-
tion practice and developing a short list of items that the TTICC team can use to help advance the IC 
road map research/implementation priorities. An IC workflow process has been developed as part of this 
effort linking the design, construction, and testing phases of a project.
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ix
Prioritized IC/CCC Technology Research/Implementation Needs
Table 1. Prioritized IC technology research/implementation needs – 2015 TTICC workshop
*total votes are provided in parenthesis
1. Data Management and Analysis (18*)
2. Sustainability/ROI (16*)
3. Intelligent Compaction and In Situ Correlations (13*)
4. Education Program/Certification Program (11*)
5. In Situ Testing Advancements and New Mechanistic 
Based QC/QA (10*)
6. Intelligent Compaction Specifications/Guidance (6*)
7. Project Scale Demonstration and Case Histories (3*)
8. Standardization of Roller Outputs and Format Files (3*)
9. Understanding Impact of Non-Uniformity of 
Performance (2*)
10. Standardization of Roller Sensor Calibration Protocols 
(1*)
11. Intelligent Compaction Technology Advancements and 
Innovations (1*)
12. Understanding Roller Measurement Influence Depth (0*)
13. Intelligent Compaction Research Database (0*)
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1
Introduction
Technology Transfer Intelligent Compaction Consortium (TTICC)
Increasingly, state departments of transportation (DOTs) are challenged to design and build longer 
life pavements and infrastructure that result in a higher level of user satisfaction for the public. One 
of the strategies for achieving longer life pavements is to use innovative technologies and practices. 
In order to foster new technologies and practices, experts from state DOTs, the Federal Highway 
Administration (FHWA), academia, and industry must collaborate to identify and examine new and 
emerging technologies and systems. As a part of this effort, the Iowa DOT and the Center for Earthworks 
Engineering Research (CEER) hosted three workshops on Intelligent Compaction for Soils and Hot 
Mix Asphalt (HMA) since 2008 and developed a roadmap to address the research, implementation, 
and educational needs to integrate intelligent compaction (IC) into practice. Realizing that a national 
forum is needed to provide broad leadership that can rapidly address the needs and challenges facing 
DOTs with the adoption of IC technologies, the Iowa DOT initiated the TTICC project under the 
Transportation Pooled Fund Program (TPF Study Number 5(233)). The purpose of this pooled fund 
project is to identify, support, facilitate, and fund IC research and technology transfer initiatives. At this 
time, the following state highway agencies are part of this pooled fund study: California DOT, Georgia 
DOT, Iowa DOT, Kentucky DOT, Missouri DOT, Ohio DOT, Pennsylvania DOT, Virginia DOT, and 
Wisconsin DOT (Figure 1).
The goals of the TTICC are as follows:
• Identify needed research projects
• Develop pooled fund initiatives
• Plan and conduct an annual workshop on intelligent compaction for soils and asphalt
• Provide a forum for technology exchange between participants
• Develop and fund technology transfer materials
• Provide on-going communication of research needs faced by state agencies to the FHWA, states, 
industry, and the CEER
This report presents the details and summary of findings from the 4th TTICC Workshop held on 
October 27–28, 2015 in Frankfort, Kentucky. The workshop was attended by sixteen representatives from 
state DOTs, two representatives from the FHWA, two representatives each from Iowa State University 
and University of Kentucky, and one representative from industry (Plantmix Asphalt Industry of 
Kentucky). A picture of the participants on Day 2 is provided in Figure 2.
1White D.J., (2008). Report of the Workshop on Intelligent Compaction for Soils and HMA. ER08-01, Workshop Organized by the Earthworks 
Engineering Research Center at Iowa State University and the Iowa Department of Transportation, April 2–4, West Des Moines, Iowa.
2White D.J., and Vennapusa, P. (2009). Report of the Workshop on Intelligent Construction for Earthworks. ER09-02, Workshop Organized by 
the Earthworks Engineering Research Center at Iowa State University and the Iowa Department of Transportation, April 14–16, West Des 
Moines, Iowa.
3White, D.J., and Vennapusa, P. (2010). Report of the Webinar Workshop on Intelligent Compaction for Earthworks and HMA. ER10-02, 
Workshop Organized by the Earthworks Engineering Research Center at Iowa State University and the Iowa Department of Transportation, 
March 1–2.
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2
Figure 1. TTICC pooled fund study participating states (highlighted in red) as of 2015
Figure 2. Picture showing TTICC participants on Day 2
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3
 Workshop Objectives and Agenda
The following were the key objectives of this workshop:
• Review and exchange experiences of state DOTs in implementing IC for earthwork and HMA
• Review the existing IC specifications
• Facilitate a collaborative exchange of information between state DOTs, the FHWA, and industry to 
accelerate effective implementation of IC technologies
• Update the IC roadmap for identifying key research/implementation/education needs, and action 
items for the TTICC group, the FHWA, and industry
The workshop was held over two days. The workshop events involved introductions with a brief review 
of each participant’s technical focus and job responsibilities; overview of the TTICC project goals, objec-
tives, and deliverables; state DOT briefings for IC projects and implementation; discussions on the recent 
IC specifications and challenges associated with implementation of those specifications; reprioritizing IC 
research, implementation, and educational needs; and defining the TTICC goals for 2016.
Updates by CEER, state DOT briefings for IC projects and implementation, general discussions, priori-
tized IC implementation road map, and proposed action items for the TTICC, the FHWA, and industry 
to advance IC research and implementation are presented in the following sections of this report.
The complete workshop agenda is included in Appendix A, and a list of attendees is provided in Appen-
dix B. A copy of all workshop presentations and products provided to the participants is provided in 
Appendices C and D, respectively. Comments evaluating the workshop are included in Appendix E.
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4
TTICC Update by CEER 
A presentation was made summarizing background information on IC for soils and HMA and the 
TTICC efforts. Presentation slides are provided in Appendix C. A log of discussion points during the 
presentation are as follows:
Slide 11 [Comment by Daniel Clark, Penn DOT]: It would be good to know how tire influence depth 
compares with roller influence depth on Slide 11 of the presentation.
Slide 13 [Comment by Daniel Clark, Penn DOT]: How can one settle on the color scale?
Response by David White: The color scale should be adjusted based on field calibration. It can be 
simplified to more of a pass/fail map [two colors] if the data is calibrated. 
Slide 13 [Comment by Daniel Clark, Penn DOT]: There are many relatively small areas that show low 
values. How can we definitely say the area is statistically different that areas around it?
Response by David White: This is an important issue to address. There are data analytic methods to 
define this and must be integrated into the display so decisions can be made on site. We are currently 
working on this. 
Slide 16 [Comment by Ian Rish, Georgia DOT]: Doing field correlations is tough. We have a lot of data 
with density, but it has poor R2 values.
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5
State DOT Briefings for IC Projects and 
Implementation
The following is a log of state DOT briefings for IC projects and implementation during the day one 
sessions. 
Georgia DOT: Used on Brunswick project on subgrade and base. Compaction meter values did not work 
properly on the subgrade, so the contractor used machine drive power (MDP) because it could be used in 
static mode. Contractor rented the equipment. The project is completed. No correlation was found with 
nuclear gauge density. Also used on another project in the north part of the state. The project consisted 
of micaceous soils. Contractor used MDP with static compaction. Contractor bought the equipment. 
Again, correlation with nuclear gauge density was poor. Would have been great to have a dynamic cone 
penetrometer (DCP) on site. Georgia DOT has been considering performance specifications. Using Veta 
has been challenging. Trimble’s VisionLink software was relatively easy to use. Post-processing the data is 
still very challenging. 
Missouri DOT (Bill Stone): As indicated during last year’s meeting in early 2014, Missouri DOT did a 
proof of concept with pass count and coverage only on HMA. Used Hamm and Caterpillar rollers. Goal 
was to expose contractor to IC. Contractor rented the rollers. Data imported to Veta. Data filtering and 
processing became challenging with data from multiple rollers. We did a blind study for two days and 
then used IC on the remaining days. VisionLink was used to get data from rollers. NOBA IR scanner 
was used for one week. This project was done as proof-of-concept with temperature and roller passes 
only, no stiffness measurements were used. One more project was planned in a rural area, but had poor 
GPS coverage. In 2015 we started using IR technology for HMA. We formed an IC specification team at 
Missouri DOT. Draft performance specifications for HMA has been developed and working on soils and 
embankment as part of the SHRP R07. Need to get a request for proposal out to develop a specification 
probably by end of the year. 
Missouri DOT (Kevin McClain): Finishing a study on evaluating alternatives for nuclear gauge. Evalu-
ated nine different test devices. Worked on several active project sites—mostly small sites. Looked at 
operating costs for nuclear gauge versus others. We also evaluated DCP and light weight deflectometer 
(LWD) tests by going through chiropractor services—looking on fatigue on field personnel. DCP is 
found to be a great tool to figure out how much material need to be excavated. Prices are dropping on 
LWD. A combination of LWD and DCP is a good idea moving forward. Moisture testing using a micro-
wave was evaluated. Not interested in time-domain reflectometer devices. Currently working on papers 
and will make it available to all when ready.
Ohio DOT: Ohio DOT has been in standby mode for HMA as the results are influenced by the underly-
ing layer. For earthwork we conducted two demo projects two years ago. We had similar problems with 
correlations as others reported—poor R2 values with density and LWD modulus as well sometimes. The 
contractor who did the demo used IC rollers on shale gas projects and also used it on a public-private 
partnership 70-mile-long project on some portions. 
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Iowa DOT: Iowa DOT has not done any new implementation projects since 2014. We have used it on 
the Highway 65 project as discussed by Dave White in the presentation. Contractor provided positive 
feedback. Iowa DOT is looking into whether or not to participate in the Veta pooled fund study initiated 
by Minnesota DOT. 
Pennsylvania DOT: See presentation slides in Appendix C. Average cost of using IC was about  
$0.15/yd2. There were some issues with GPS signal on roads with trees and stray electrical signal (over-
head electrical wires). We are trying to prepare a new specification by the end of the year. We did monitor 
temperature, but not sure how it helped. There were software issues with Veta. There are not enough 
people in the DOT to handle the data and keep up with the software updates. Biggest issue was that old 
version (version 2) files were not compatible with the new version (version 3). Pennsylvania DOT spent 
nearly $1 million on using IC on projects, cannot define what the return on investment is. Pennsylvania 
DOT is organizing a conference call with Volvo on their new technology. If anyone is interested, they can 
join the call. 
Comment from the FHWA: We are also having same problem with explaining return on investment and 
we are working on it. 
KYTC: See presentation slides in Appendix C. Kentucky DOT is planning on using IC on an asphalt 
overlay over bridge. University of Kentucky is working on a research project to gather data. IC specifica-
tions were written for an embankment subgrade/base/HMA paving project. 80% coverage requirement 
was specified. We are still using nuclear gauge for QA on soils and cores for QA on HMA. Not sure how 
we address the correlations issue. 
Virginia DOT: There is a lot of reluctance in the upper management at the Virginia DOT. Also many 
contractors are not ready for implementation. Many small issues to resolve, as everybody discussed, but 
these are becoming major hindrances for implementation. 
FHWA: EDC-2 initiative included IC. Many states are now using the FHWA guide specifications to 
develop their specifications. There are two new “roadeos” coming up—one in California on HMA and 
one in Texas on soils. University of Texas at El Paso is conducting research for project in Texas. Veta new 
version is in development as part of the two-year pooled fund study. Trying to resolve many of the issues 
discussed today. Most big contractors are okay to use IC since it is only for QC now. Small contractors are 
very reluctant because of the capital cost. 
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General Discussion and Updated IC Implementation 
Road Map and Action Items for TTICC, FHWA, and 
Industry
The TTICC group voted on the IC technology research/implementation needs identified in the 3rd work-
shop report. Each group member was given seven votes. The prioritized list of IC technology research/
implementation needs is presented in Table 1. Table 2 presents the change in the ratings of different road-
map elements since 2008, highlighting the transitions of top-rated elements. The intelligent compaction 
specifications and in situ correlations road map elements have remained in the top two between 2009 and 
2011. The data management road map element was rated as the top one since 2012, including this year. 
Progress with pilot IC specifications recently implemented by the DOTs and firsthand experience on 
challenges associated with real-time data transfer and analysis has shaped the prioritized rankings. The 
sustainability/return of investment element moved from rank 4 (in 2014) to rank 2 this year as a result 
of many participants feeling the importance of characterizing the economic advantage associated with 
using IC both during construction and in long-term because of potentially improved performance. This 
has been viewed by the participants as one of the major roadblocks in convincing the contractor, senior 
management, and DOT to implement IC.
The revised roadmap elements are presented in Table 3. After reviewing the revised road map, discussion 
focused on defining action items needed to advance for each element. The outcome was to identify not 
only needed action items, but linking the action items to the TTICC, the FHWA, and industry. Table 4 
presents the action items identified for the TTTIC group, the FHWA, and industry on each of the road-
map elements.  
The data management element was discussed further by the team (per notes from Figure 3) and the fol-
lowing were identified as key elements that IC data analytics software should include:
1. Link to user need (inspector, contractor, or engineer). This will define the type and level of analysis 
tools. 
2. Provide guidance on how to set scales—relate to target values based on on-site calibration. Three 
color scale (Good, Marginal, Bad).
3. Built-in calibration data analysis capability including proper statistical analysis. 
4. Link results to ArcGIS collector (mobile device) or something simpler to be able to collect and enter 
data in an easy way. 
5. Conduct project scale as well as lot scale analysis. Current IR scanner uses 150 ft for lot scale analysis. 
6. Link to Soil ID through asset management data. 
7. Link to design, and QC/QA data. 
8. Show “area of interest” based on the IC measurement values. The area should of high statistical 
significance for additional work. Also, provide guidance on action plan (rework or additional com-
paction or dry, etc.). 
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9. Random sampling for QA—need a test point locator that can provide a truly random sample and 
provide needed documentation.
10. Incorporate ability to determine lot boundaries on the “fly” so the QA test locations are truly random. 
11. Incorporate ability to calculate real-time unit quantities. 
During the workshop meeting the IC workflow process was discussed and it was decided that it would 
be helpful to establish a list of the key workflow processes. By better understanding the many decisions 
and groups within the DOT, agencies need to provide input to the workflow; improved and more effec-
tive outcomes are expected. Figure 4 illustrates a preliminary workflow process for integrating IC into 
projects. The intent of the preliminary workflow is to organize discussion moving forward such that each 
agency can develop customized workflow processes that meet their internal needs. A key elements of 
the workflow is the ability to communicate various input needs through the process of selecting IC for 
projects and developing effective specification requirements. 
Prioritized IC/CCC Technology Research/Implementation Needs
Table 1. Prioritized IC technology research/implementation needs – 2015 TTICC workshop
*total votes are provided in parenthesis
1. Data Management and Analysis (18*)
2. Sustainability/ROI (16*)
3. Intelligent Compaction and In Situ Correlations (13*)
4. Education Program/Certification Program (11*)
5. In Situ Testing Advancements and New Mechanistic 
Based QC/QA (10*)
6. Intelligent Compaction Specifications/Guidance (6*)
7. Project Scale Demonstration and Case Histories (3*)
8. Standardization of Roller Outputs and Format Files (3*)
9. Understanding Impact of Non-Uniformity of 
Performance (2*)
10. Standardization of Roller Sensor Calibration Protocols 
(1*)
11. Intelligent Compaction Technology Advancements and 
Innovations (1*)
12. Understanding Roller Measurement Influence Depth (0*)
13. Intelligent Compaction Research Database (0*)
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Rating 20081 20092 20103 20114 2012 2014 2015
1 Correlations Specifications Correlations Correlations
Data 
Management
Data 
Management
Data 
Management
2 Education Correlations Specifications Specifications Specifications Education
Sustainability/
ROI
3
Moisture 
Content 
Influence
Mechanistic  
QC/QA
Mechanistic  
QC/QA
Data 
Management
Correlations Correlations Correlations
4
Data 
Management
Non-
Uniformity
IC 
Advancements
Demo Projects Non-Uniformity
Sustainability/
ROI
Education
5
Demo 
Projects
Data 
Management
Demo Projects Education
Output 
Standardization
Specifications
Mechanistic  
QC/QA
6
Mechanistic  
QC/QA
Demo Projects Non-Uniformity Non-Uniformity
Sensor 
Calibration
Non-Uniformity Specifications
7
Non-
Uniformity
Influence 
Depth
Data 
Management
Output 
Standardization
Education
Mechanistic  
QC/QA
Demo Projects
8 Specifications
IC 
Advancements
Output 
Standardization
Database
Influence 
Depth
Influence Depth
Output 
Standardization
9
Influence 
Depth
Education
Influence 
Depth
Mechanistic  
QC/QA
Demo Projects
Sensor 
Calibration
Non-Uniformity
10
Promoting 
Best Practices
Database Education Influence Depth
Mechanistic  
QC/QA
IC 
Advancements
Sensor 
Calibration
11 — — Database
IC 
Advancements
IC 
Advancements
Database
IC 
Advancements
12 — —
Sensor 
Calibration
Sustainability Database Demo Projects Influence Depth
13 — — —
Sensor 
Calibration
Sustainability
Output 
Standardization
Database
Table 2. IC/CCC research, implementation, and educational elements, ratings from 2008 to 2015
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IC Road Map Research, Implementation, and Educational Elements
1. Data Management and Analysis [1*]. The data generated from IC compaction operations is 100+ times more than 
traditional compaction QC/QA operations and presents new challenges. The research element should focus on 
data analysis, visualization, and management, and be based on a statistically reliable framework that provides 
useful information to assist with the construction process control. This research element is cross cutting with ele-
ments 2, 3, 5, 7, 8, 11, and 12.
2. Sustainability/Return of Investment [4*]. This research element involves evaluating benefits of IC in terms of sus-
tainability aspects such as the potential for use of less fuel during construction, reduced life-cycle and infrastruc-
ture maintenance costs, etc. 
3. Intelligent Compaction and In Situ Correlations [3*]. This research element will develop field investigation pro-
tocols for conducting detailed correlation studies between IC measurement values and various in situ testing 
techniques for earth materials and HMA. Standard protocols will ensure complete and reliable data collection 
and analysis. Machine operations (speed, frequency, vibration amplitude) and detailed measurements of ground 
conditions will be required for a wide range of conditions. Relationships between HMA and WMA mix tempera-
ture, roller measurement values, and performance should be developed. A comprehensive research database 
and methods for establishing IC target values will be the outcome of this study. Information generated from this 
research element will contribute to elements 2, 7, 8, 10, and 12. There is a need to define gold standard QC/QA in 
situ test measurement for correlations depending on the material type (i.e., soils, base, or asphalt). 
4. Education Program/Certification Programs [2*]. This educational element will be the driver behind IC technology 
and specification implementation. Materials generated for this element should include a broadly accepted and 
integrated certification program that can be delivered through short courses and via the web for rapid training 
needs. Operator/inspector guidebook and troubleshooting manuals should be developed. The educational pro-
grams need to provide clear and concise information to contractors and state DOT field personnel and engineers. 
A potential outcome of this element would be materials for National Highway Institute training courses.
5. In Situ Testing Advancements and New Mechanistic Based QC/QA [7*]. This research element will result in new 
in situ testing equipment and testing plans that target measurement of performance-related parameter values 
including strength and modulus. This approach lays the groundwork for better understanding the relationships 
between the characteristics of the geo-materials used in construction and the long-term performance of the 
system.
6. Intelligent Compaction Specifications/Guidance [5*]. This research element will result in several specifications 
encompassing method, end-result, performance-related, and performance-based options. This work should 
build on the work conducted by various state DOTs, NCHRP 21-09, and the ongoing FHWA IC Pooled Fund Study 
954. The new specifications should be technology independent and should allow use of different QC/QA testing 
devices and IC measurement values. This research element is crosscutting with elements 3, 5, 6, 7, and 8.
7. Project Scale Demonstration and Case Histories [12*]. The product from this research element will be documented 
experiences and results from selected project-level case histories for a range of materials, site conditions, and 
locations across the United States. Input from contractor and state agencies should further address implementa-
tion strategies and needed educational/technology transfer needs. Conclusive results with respect to benefits of 
IC technology should be reported and analyzed. Information from this research element will be integrated into 
elements 1, 2, 4, and 7.
Table 3. Revised IC road map research, implementation, and educational elements – 4th TTICC workshop
*1st TTICC workshop rating.
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8. Standardization of Roller Outputs and Format Files [13*]. This research element involves developing a standard-
ized format for roller output and format files. This element crosscuts with specification element 2. 
9. Understanding Impact of Non-Uniformity on Performance [6*]. This track will investigate relationships between 
compaction non-uniformity and performance/service life of infrastructure systems—specifically pavement 
systems. Design of pavements is primarily based on average values, whereas failure conditions are affected by 
extreme values and spatial variations. The results of the research element should be linked to m input parameters. 
Much needs to be learned about spatial variability for earth materials and HMA and the impact on system perfor-
mance. This element is crosscutting with elements 1, 2, and 7.
10. Standardization of Roller Sensor Calibration Protocols [8*]. IC rollers are equipped with measurement sensors 
(e.g., accelerometers in the case of vibratory-based technologies), GPS, data logging systems, and many onboard 
electronics. These sensors and electronics need periodic maintenance and calibration to ensure good repeatability 
in the measurement systems. This research element will involve developing a highly mobile mechanical system 
that could simulate a range of soil conditions and be deployed to a project site to periodically verify the roller 
output values. Further, establishment of a localized calibration center (similar to a falling weight deflectometer 
calibration center) by a state agency can help state agencies periodically verify the repeatability and reproducibil-
ity of the measurements from their sensors and other electronics.
11. Intelligent Compaction Technology Advancements and Innovations [10*]. Potential outcomes of this research 
element include development of improved IC measurement systems, addition of new sensor systems such as 
moisture content and mat core temperature, new onboard data analysis and visualization tools, and integrated 
wireless data transfer and archival analysis. Further, this research element will also explore retrofitting capabilities 
of IC measurement systems on existing rollers. It is envisioned that much of this research will be incremental and 
several sub-elements will need to be developed. 
12. Understanding Roller Measurement Influence Depth [9*]. Potential products of this research element include 
improved understanding of roller operations, roller selection, interpretation of roller measurement values, better 
field compaction problem diagnostics, selection of in situ QA testing methods, and development of analytical 
models that relate to mechanistic performance parameter values. This element represents a major hurdle for link-
ing IC measurement values to traditional in situ test measurements.
13. Intelligent Compaction Research Database [11*]. This research element would define IC project database input 
parameters and generate web-based input protocols with common format and data mining capabilities. This 
element creates the vehicle for state DOTs to input and share data and an archival element. In addition to data 
management/sharing, results should provide an option for assessment of effectiveness of project results. Over the 
long-term the database should be supplemented with pavement performance information. It is important for the 
contractor and state agencies to have standard guidelines and a single source for the most recent information. 
Information generated from this element will contribute to elements 2, 3, 7, 9, and 10. 
Table 3. Revised IC road map research, implementation, and educational elements, 4th TTICC workshop
*3rd TTICC workshop (2012) rating.
Re
po
rt
 o
f t
he
 4
th
 W
or
ks
ho
p 
fo
r T
ec
hn
ol
og
y 
Tr
an
sf
er
 fo
r I
nt
el
lig
en
t C
om
pa
ct
io
n 
Co
ns
or
tiu
m
 (T
TI
CC
)
Tr
an
sp
or
ta
tio
n 
Po
ol
ed
 F
un
d 
St
ud
y 
N
um
be
r T
PF
-5
(2
33
)
12
Table 4. Updated action items for the TTICC project team, the FHWA, and industry
List of Action Items TTICC FHWA Industry
1. Data Management and Analysis
a. Define requirements (how to deal with legal issues in data sharing, and 
how to archive data)
x1
b. Discuss with other state DOTs x
c. Enhance Capabilities of Software x x
d. Need Real Time Data Processing/Delivery Capabilities x x
e. Identify Future Use Needs for Data x x
4. Sustainability/Return of Investment (ROI)
a. Develop a Green Value Proposition x
b. Cost Information (Capital and Life-Cycle) x2 x2
c. Improvement in Safety x x
3. IC and In Situ Correlations
a. Develop a Standard Calibration Procedure and Best Practices Document x3
b. Problem Statement to Better Assess Influence of Moisture Content x
d. Support Research Efforts x
1Identify GIS data archival protocal (one page)
2Need to get cost information for rolling operations (fuel and personnel time) with and without IC
3NCHRP synthesis on existing correlations
Figure 3. Picture showing TTICC participants identifying future data analytics needs as part of data management
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Figure 4. Preliminary IC workflow processes
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Summary of Key Outcomes
Some of the key outcomes from this workshop were as follows:
1. Served as a forum for discussion between state DOTs, the FHWA, and industry representatives in 
addressing the challenges in implementing the IC technology.
2. Updated and prioritized the IC technology research, implementation, and educational needs road 
map.
3. Developed list of action items for the TTICC group, the FHWA, and industry to advance and 
accelerate implementation of IC technology into earthwork and asphalt construction practice.
4. Developed a preliminary IC workflow process that links design, construction, and testing phases. 
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Appendices
Appendix A: Workshop Agenda
Tuesday, October 27 — Room C107
8:00 am Coffee and continental breakfast available
8:30 am Introductions
9:00 am TTICC update by CEER (tech transfer, upcoming IC opportunities, etc.)
9:30 am State DOT IC implementation updates (CA, GA, IA, KY, MO, OH, PA, VA, and the  
  FHWA)
10:00 am Morning break
10:15 am State DOT IC implementation updates (continued)
10:45 am Kentucky IC experience and showcase projects(s)
12:00 pm Lunch 
1:00 pm Working session to comment on existing and alternative IC specification (HMA and 
  grading)
3:00 pm Afternoon break 
3:15 pm Working breakout discussions (continued)
4:30 pm Wrap up
6:00 pm Informal dinner at a local restaurant
Wednesday, October 28 — Room 512
8:00 am Coffee and continental breakfast available
8:15 am Working breakout sessions to identify and discuss:
• Specifications
• QC/QA problems, challenges, opportunities
• Re-prioritize/add/delete IC/CCC technology research/implementation needs
• TTICC goals and future needs
10:00 am Morning break
10:15 am Working session (continued)
11:00 am Summary and direction forward
11:30 am Wrap up
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Appendix B: Workshop Attendees
Michael Arasteh
Federal Highway Administration 
410-962-0678
michael.arasteh@dot.gov
Edward Hoppe
Virginia DOT
530 Edgemont Road
Charlottesville, VA 22903
434-293-1960
edward.hoppe@vdot.virginia.gov
Alfred Casteel
Georgia DOT
15 Kennedy Drive
Forest Park, GA 30297
404-694-6657 
acasteel@dot.ga.gov
David Hunsucker
Kentucky Transportation Center
176 Raymond Building 
Lexington, KY 40506
859-257-8313
david.hunsucker@uky.edu
Daniel Clark
Pennsylvania DOT
81 Lab Lane
Harrisburg, PA 17110
717-787-3137
danielclar@pa.gov
Jeremiah Littleton
Kentucky Transportation Cabinet
SHE Office
502-229-8626
jeremiah.littleton@ky.gov
Erika Drury
Kentucky Transportation Cabinet
SHE Office
502-782-5162
erica.drury@ky.gov
Matt Looney
Kentucky Transportation Cabinet
SHE Office
matt.looney@ky.gov
Clark Graves
Kentucky Transportation Center
176 Raymond Building 
Lexington, KY 40506
clark.graves@uky.edu
Kevin McLain
Missouri DOT
Construction and Materials
1617 Missouri Blvd, PO Box 270
Jefferson City, MO 65102
573-680-0737
kevin.mclain@modot.mo.gov
Darrin Grenfell
Federal Highway Administration – KY Division
502-223-6727
darrin.grenfell@fhwa.dot.gov
William Nolan
Kentucky Transportation Cabinet
SHE Office
502-564-4890
william.nolan@ky.gov
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Ian Rish
Georgia DOT
Office of Materials and Research
15 Kennedy Drive
Forest Park, GA 30297
404-608-4726
irish@dot.ga.gov
William Stone
Missouri DOT
Construction and Materials
1617 Missouri Blvd, PO Box 270
Jefferson City, MO 65102
573-526-4328
william.stone@modot.mo.gov
Adam Ross
Kentucky Transportation Cabinet
360 Crossfield Drive
Versailles, KY 40383
502-782-5155
adam.ross@ky.gov
Pavana Vennapusa
CEER, ISU
2711 S Loop Drive, Suite 4700
Ames, IA 50010
515-294-2395
pavanv@iastate.edu
Melissa Serio
Iowa DOT
Office of Construction & Materials
800 Lincoln Way
Ames, IA 50010
515-239-1280
melissa.serio@dot.iowa.gov
Mark Walls
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Appendix C: Workshop Presentations
The following presentations were made at the workshop event and are provided herein in that order:
1. TTICC General Meeting Slides
2. History of IC in Kentucky
3. Asphalt Density Acceptance and Intelligent Compaction Field Trails (KYSPR 16-523)
4. Intelligent Compaction Update – Pennsylvania
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Asphalt Density Acceptance and Intelligent Compaction
Field Trials, by David Q. Hunsucker
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Appendix D: Workshop Products
The following is a list of the products provided for the workshop participants. These are included in the 
following pages. 
1. List of Intelligent Compaction Briefs 
2. Report of the 3rd Workshop for Technology Transfer for Intelligent Compaction Consortium 
(available for download from www.ceer.iastate.edu/tticc) 
3. List of IC Specifications Developed for Soils and HMA in United States
4. NCHRP 10-77 AMG Guide Specifications
5. NCHRP 10-77 AMG Workflow Process
6. List of IC Technical Publications
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TTICC Problem Statement
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Technology Transfer Intelligent Compaction Consortium (TTICC) – TPF-5(233)
List of Intelligent Compaction (IC) Briefs
# PROJECT LOCATION
MATERIALS DRUM MANUFACTURER
G
R
A
N
U
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N
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R
A
N
U
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R
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EM
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A
LL
Y 
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A
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Y 
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D
N
O
N
G
R
A
N
U
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R
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H
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N
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A
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Y 
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IZ
ED
 M
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R
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LS
H
O
T 
M
IX
 A
SP
H
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LT
SM
O
O
TH
 D
R
U
M
PA
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O
T
B
O
M
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G
C
A
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R
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LL
A
R
C
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SE
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M
M
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N
D
YN
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C
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K
A
I
TR
IM
B
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VO
LV
O
1 Iowa – I29, Monona County* X X X X
2 Iowa – US218, Coralville* X X X
3 Minnesota – TH64, Akeley** X X X
4 Mississippi – US84, Waynesboro* X X X X X X X
5 Iowa – US30, Colo* X X X
6 Minnesota – TH14, Janesville* X X X
7 Minnesota – Rt4, Kandiyohi County* X X X
8 Texas – FM156, Roanoke* X X X X X X X
9 North Dakota – US12, Marmarth* X X X X X X
10 Iowa – US30, Harrison County** X X X
11 Kansas – US69* X X X X X
12 New York – US219, Springville* X X X X
13 Maryland – I70, Frederick* X X X X X X X
14 Missouri – Hwy141, Chesterfield** X X X
15 Iowa – Boone County Test Sections* X X X X
16 Wisconsin – Multiple Sites X X X X X X X X
17 Indiana – SR25, West Lafayette* X X X X X
18 Minnesota – TH60, Bigelow** X X X
19 Florida – Hwy 9, Jacksonville* X X X
20 Iowa – US65, Altoona* X X X
21 Minnesota – TH36, North St. Paul** X X X X
22 Minnesota – US10, Staples** X X X
23 Georgia – Brunswick Project** X X X X X
24 Missouri – US63, Jefferson City* X X X
25 Alaska – Sitka Airport** X X ?
*RESEARCH/DEMONSTRATION PROJECTS
** PROJECTS WITH IC SPECIFICATIONS
IC BRIEFS COMPLETED AND POSTED ON CEER WEBSITE
IC BRIEFS IN PREPARATION BY ISU
INFORMATION REQUESTED FROM DOTS
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Report of the 3rd Workshop for Technology Transfer for Intelligent Compaction Consortium
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List of IC Specifications for Soils and HMA in United States
Li
st
 o
f I
C 
Sp
ec
ifi
ca
tio
ns
 fo
r S
oi
ls
 a
nd
 H
M
A
 
in
 U
ni
te
d 
St
at
es
Technology Transfer for Intelligent Compaction Consortium (TTICC) TPF-5(233)
4th Workshop Meeting, October 26-28, 2015
LIST OF IC SPECIFICATIONS FOR SOILS AND HMA IN UNITED STATES
UPDATED_10/20/15
Developed By HMA (Year) Soils (Year)
State Agency
Alaska DOT Yes (2014) Yes (2015 Draft)
Arizona DOT Yes (2014) No
California DOT
Yes (2014)
[Includes CIR] No
Georgia DOT Yes (2012) Yes (2012)
Iowa DOT Yes (2013) Yes (2010)
Indiana DOT Yes (2014) No
Kentucky DOT Yes (2015) Yes (2015)
Massachusetts DOT Yes (2013) No
Michigan DOT No Yes (2013)
Minnesota DOT Yes (2014) Yes (2014)
Missouri DOT No Yes (2009)
North Carolina DOT Yes (2013) Yes (2012)
Nevada DOT Yes (2013) No
New Jersey DOT Yes (2014) No
New Mexico DOT Yes (2014) No
North Carolina DOT Yes (2014) Yes (2014)
Oklahoma DOT Yes (2014) No
Oregon DOT Yes (2015) No
Pennsylvania DOT Yes (2014) No
Rhode Island DOT Yes (2013) No
Tennessee DOT Yes (2013) No
Texas DOT No Yes (2013)
Utah DOT Yes (2013) No
Vermont DOT Yes (?) Yes (?)
Washington DC Yes (2014) Yes (2014)
Federal Agency
AASHTO Yes (2015) Yes (2015)
Central Federal Land Yes (2012) No
Eastern Federal Land Yes (2013)
SHRP2 R07 No Yes (2014)
FHWA (Generic Specs) Yes (2014) Yes (2014)
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Appendix E: Workshop Evaluation Comments
SUMMARY OF EVALUATIONS
Technology Transfer for Intelligent Compaction Consortium (TTICC)
October 27–28, 2015 — Frankfort, KY
Total Respondents: 9
Attendees rated the following between 1 and 5.
6. What were the most worthwhile parts of this program?
• Group discussions – peer exchanges.
• Interactive program. The participants were able to share their expertise and make a difference in 
the future direction of this study.
• How to implement IC.
• Discussion.
• Finding out other DOT’s experience and plans for IC.
• Interactive discussion. In particular, the feedback from PennDOT on project experience. It was 
this that helped feed the conversation.
• Open discussions of issues facing state DOTs.
• Data discussion. Calibration to modulus/resilient modulus.
• The new technology that is introduced.
7. What were the least worthwhile parts of this program?
• Facilities.
• N/A.
• All good.
• Everything good.
• N/A.
8. What other topics were you hoping would be included in today’s program?
• How to get industry buy in.
• All was covered.
9. Do you have any suggestions for future workshop topics?
• How to best calibrate equipment.
• A better platform, in my opinion, would have been to invite the contractors, manufacturers, and 
industry representatives, to have a more uniform participation of all experts in the field.
• Discussion of existing IC specs in other jurisdictions.
• More discussion on data management/analytics.
• Best practices.
• No.
Very 
Good
Okay Needs 
Improvement
Average 
Rating
1. Topics covered 1 2 3 4 5 1.22
2. Organization of the program 1 2 3 4 5 1.22
3. Speakers knowledgeable 1 2 3 4 5 1.22
4. Facilities were accommodating 1 2 3 4 5 1.44
5. Program met expectations 1 2 3 4 5 1.22
